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CHAPTER 1

DUTIES OF THE OFFICER OF THE WATCH /9%

Section 1.1. General Duties

The officer of the watch is in charge of the ship's watch section.
Ship personnel, other than individuals to whom the officer of the
watch is subordinate, shall execute all orders of the watch officer.

The duties of watch officer, when the ship is underway or at anchor,
are performed by personnel authorized by order of the Commanding Officer,
after evaluating their skills against the requirements of a special
program.

The following personnel are subordinate to the officer of the watch:
a) personnel of control and battle stations in a state of combat
readiness and in matters relating to shiphandling, lookout, and use of

weapons ;

b) the ship's watch detail, duty section, and guard detail (if a
ship Officer of the Deck has not been designated).

The officer of the watch shall:

a) 1in the execution of his duties be guided by station bills and
other documents specifying the combat and daily routine activity of
the ship;

b) maintain the prescribed combat readiness of the ship;

c) take charge of the watch section and supervise the performance
of routine duties by personnel by paying special attention to ensuring
vigilant performance of duty by signalmen and lookouts;

d) ensure safety of the ship and take measures to prevent accidents;

e) be familiar with the condition of visual communication and
lookout equipment, know how to use it and how to employ recognition
signals properly;

f) sound alarms (on order or by acting independently) ;

g) be familiar with the condition of the main power plant; /10

*  Numbers in the right margin indicate pagination in the original text,



h) be responsible for the proper operation of machinery and equip-
ment located on the main deck;

i) make certain that rescue equipment is in the constant state of
readiness;

j) require all personnel to observe ship regulations, wear the
proper uniform, and maintain order and cleanliness on the main deck and
near the sides of the ship;

k) dissue orders and signals in accordance with the plan of the day
and see that they are carried out;

1) salute officials arriving aboard ship and render proper salutes
when meeting or passing other ships;

m) keep a deck log during the watch and sign it on being relieved.

The officer of the watch must be able to direct damage control oper-
ations. In the event of fire, flooding of a compartment, dangerous
concentrations of gases, or increased radiation levels, he immediately
sounds the emergency alarm, takes damage control measures and reports to
the Commanding Officer and the ship's Officer of the Deck.

The officer of the watch must know what measures to take in the
event of the onset of colder weather, the approach of cyclones (typhoons,
hurricanes) and the encountering of fog.

If necessary, the officer of the watch has the right to request, both
day and night, permission from the Commanding Officer of the ship or
Executive Officer to go aloft. The form of the request is as follows:
"Comrade Captain Second Rank, permission is requested to go aloft." 1In
situations which do not permit delays, the officer of the watch must act
independently, informing the ship's Commanding Officer and others of the
situation involved as soon as possible.

The officer of the watch must not be distracted by any extraneous
activities which bear no relation to the execution of his duties.

The officer of the watch must be equipped with binoculars, a whistle,
and a megaphone. In addition, he must carry a notebook and pencil.

In the event of alarm the officer of the watch turns over his duties
to the ship's Executive Officer and assumes his post according to the
station bill.

Upon being relieved of the watch, the officer of the watch must /11
furnish information regarding:



a) the prescribed combat readiness of the ship;

b) the ship's position (by naming the place and marking it on the
chart) ;

c) recognition signals;
d) operating machinery;
e) the condition and operating modes of the lookout equipment;

f) the location of the ship's Commanding Officer and Executive
Officer as well as the location of the Commander of the formation and
the Chief of Staff;

g) . orders and instructions issued for the watch by the ship's
Commanding Officer or by the Commander of the formation;

h) exercises, drills, and activities conducted aboard ship;
i) protective equipment against weapons of mass destruction;

j) the condition and operating modes of the propulsion power plant,
of the storage battery compartment and central ventilating systems, and
the time of the last ventilation of the battery compartment;

k) the radiation level aboard ship and the established procedure
for monitoring uninhabited spaces (or compartments).

The officer of the watch (Officer of the Deck) may issue orders con-
cerning all personnel of the ship or her subdivisions over the general
announcing system. In issuing commands over the general announcing
system the immediate situation should be taken into account and no orders
should be given which might reveal the organization or activity of the
ship.

The general announcing system may be used by the Commanding Officer
of the ship, his Executive Officers, his Deputy for political affairs,
the officer of the watch (Officer of the Deck), the officer on duty below
decks, and the head of the engineering department (on a submarine).

Section 1.2. Duties Underway
The officer of the watch is subordinate to the Commanding Officer
of the ship and to the Executive Officer when the latter, acting for the

Commanding Officer, is on the bridge.

No one aside from the above officers and their immediate super- /12
iors has a right to interfere with the orders issued by the officer



of the watch.

The officer of the watch is directly subordinate to the Commanding
Officer of the ship or to the Executive Officer in matters relating to
maneuvering, the use of weapons in the event of sudden encounters with
the enemy, evasion of attacks by submarines, aircraft, helicopters, and
torpedo boats, including evasion of missiles, torpedoes, and mines.

The officer of the watch shall:

a) ensure the proper maintenance of the prescribed course, speed,
and station of the ship in order, as well as the depth, operating con-
ditions and the mode of propulsion of a submarine;

b) monitor the plotting of the ship's course by periodically deter-
mining her position;

c) note changes in bearing when meeting ships at sea;

d) see that the running lights are operating properly and, when
navigating without lights, make certain that the ship is completely
darkened;

e) take measures to eliminate the emission of smoke, sparks, and
flames from stacks, should they occur;

f) supervise the hoisting of signals when making changes in course,
speed, or when executing maneuvers;

g) report to the Commanding Officer (or to the Executive Officer)
on everything observed that might affect the safety of navigation or the
performance of the assigned mission, including changes in the situation
and navigation conditions;

h) alert the head of the engineering department one-half hour prior
to the arrival of the ship at its destination (such as anchorage, nar-
rows, etc.), and in other instances when deemed necessary.

The Commanding Officer of the ship sets the course and speed of the
ship—-and, on a submarine, the depth--through the officer of the watch.

The officer of the watch has the right to change the course and speed
of the ship (and the depth on a submarine) without permission from the
Commanding Officer only if the safety of the ship is in danger; for ex-
ample, to avoid collision with another ship, upon detection of a sudden
navigational hazard, to evade sudden attacks by the enemy, or to rescue
a man overboard.

On submarines navigating submerged, the officer of the watch [lg



shall:

a) maintain a 360° periscope lookout when the submarine is operat-
ing at periscope depth;

b) monitor the trim, buoyancy, depth below the keel and depth of
the submarine, and adjust the trim, if necessary;

c¢) monitor the condition of the main power plant, the radiation
level, the electrolyte density and battery voltage, the hydrogen content
in percent and the concentration of gases, and report this to the Com-
manding Officer;

d) regulate the movement of personnel between compartments and
maintain quiet and order within;

When the submarine is lying on the sea bottom or is anchored under-
water the officer of the watch shall:

a) observe the readings of the depth gauge and trim indicator;

b) make certain that the air regeneration system is in good working
condition and that the air distribution is proper; and

c) make sure that the pressure hull is watertight and the battery
wells, bilges and spaces are always dry.

When the ship is underway the officer of the watch must remain on
the bridge at all times. Officers of the watch are relieved (or re-
lieved temporarily) by permission of the Commanding Officer of the ship
(or the Executive Officer).

In addition to the rules given under the general duties above the
officer of the watch underway shall, upon being relieved of his watch,
provide information concerning:

a) the position of the ship (observed or calculated), course
according to the gyroscopic or magnetic compasses, and the time of
change in course, the speed, the nature of the formation or its number,
and the station of the ship in formation;

b) conditions in the area of navigation, i.e. beacons, markers,
lookout stations, depth, current, approaching ships or ships being
overtaken, etc.; and

c) machinery and equipment used in propelling and handling the ship,
as well as the time of inspection of the surface propulsion wnits and
the battery electrolyte density and voltage. /14



The incoming officer of the watch must personally check the position,
course, speed and station of the ship in order.

When the watch is relieved on submarines additional information is
furnished regarding the operating depth submerged; operating mode; how
the submarine answers the planes; visibility range of the periscope;
hydrologic data and the time they were last taken; the radiation level
and gas content of the air; the condition of special air regeneration
instruments and equipment; the position of the submarine; the condition
of the negative tank; the condition of the battery and ship ventilating
systems; and the procedure for releasing personnel to the bridge.

Section 1.3. Duties While the Ship is at Anchor or Moored

When the ship is at anchor (moored to a buoy or bow-and-stern) the
officer of the watch is subordinate to the Executive Officer (Officer of
the Deck). No one, except the Executive Officer (Officer of the Deck)
and his immediate superiors, may interfere with the orders given by the
officer of the watch.

The officer of the watch shall:

a) report to the Officer of the Deck on everything observed that
could affect the safety of anchorage;

b) insure proper use of the ship's launches and boats, supervise
their dispatching and return, and embark personnel in them, making cer-
tain they are not loaded beyond capacity;

c) insure the observance of harbor and port regulations by personnel
of the ship and passing launches and boats;

d) take measures to insure safe mooring and movement of boats and
launches alongside the ship; .

e) take measures to render assistance to boats in distress and to
rescue those who are in danger of drowning;

f) submit a morning report to the Executive Officer one-half hour
before colors;

g) assure that ship's bells are sounded at the proper time. /15

The officer of the watch looks after the anchor chain and its scope,
making sure the latter meets the anchorage and weather conditions re-
quirements. He also looks after mooring lines and clearing away of the
second anchor.



If the wind freshens he orders wind measurement reports every hour
or one-half hour, depending on the situation, and takes measures to re-
cover boats and launches or directs them to a sheltered anchorage.

The officer of the watch shall pay particular attention to the drift
of the ship. He shall monitor it by using either a drift lead put over
the side, natural range lines or landmarks.

The officer of the watch is responsible for making the ship ready to
receive supply ships on time (i.e., responsible for stowing ladders,
boats, davits, and cranes), for the rapid recovery of mooring lines and
arranging the taking on of supplies so that the supply vessels spend the
least amount of time alongside the ship.

Before testing the engines the officer of the watch takes precaution-
ary measures with respect to the boats (and launches) and the lines
astern; he watches the mooring lines and anchor chain. When he is posi-
tive that the engine order telegraph is ready he authorizes, with the
knowledge of the Executive Officer, to start testing the engines.

During anchorage, the officer of the watch must be on the main deck,
preferably on the quarterdeck or at the accommodation ladder. In cold
weather when the ship is anchored with steam up, during jacking over the
engines, and in other situations requiring personal supervision of the
surrounding area, and on submarines, the officer of the watch shall be
on the bridge.

In addition to duties mentioned in Section 1.1. the officer of the
watch, at the time of relieving the watch when the ship is at anchor,
must furnish information regarding:

a) readiness of the ship to get underway;

b) trim of the submarine and its readiness to dive;

¢) scope of anchor chain in the hawse (moored to a buoy by a hawser
or to a pier);

d) clearing away of the second anchor;
e) depth, sea bottom, and current; /16

f) crew members absent and the presence of noncrew members aboard
ship;

g) launches and boats, both away from the ship and alongside;

h) disposition of ships anchored in the roadstead and the location
of the senior officer present; and



i) conventional alarm signals.

The officer of the watch controls the movement of all personnel and
articles to and from the ship.

When receiving launches carrying high-~ranking officials, the officer
of the watch occupies the position indicated in Fig. 1.1.

Legend: /17

(A) High-ranking official

(B) Commanding Officer of the ship
(C) Officer of the Deck

(D) Officer of the watch

(E) Petty officer of the watch

(F) Bugler

Arrival:

1 - moment at which the signal "pipe the side"
is given

2 - moment at which the command "attention"
is given

3 - moment at which the report is given

Departure:

1 - the moment the official arrives on the main
deck, the command "attention'" is given

2 - the side is piped the moment the launch departs

3 - the command "at ease'" is given the moment the
"execute" signal is given

1. If the official is received (or escorted) only by
the officer of the watch or the Officer of the Deck,
the latter occupies the position of the Commanding
Officer of the ship. Otherwise the procedure for
arrival (and departure) remains the same.

2. The numbers next to the designations for officials
indicate the position of these officials at various
moments during the arrival. The absence of numbers
next to the designations indicates that these indi-
viduals do not change positions during the arrival
(or departure).

Fig. 1.1. Schematic diagram showing the position of
the duty section and watch detail personnel during
the arrival and departure of high-ranking officials



When receiving launches (boats) carrying petty officers and seamen,
the officer of the watch stands at the top of the ladder until the last
man leaves the launch (boat).

Whenever personnel disembark from the ship the officer of the watch
shall not permit the men to congregate near the ladders (or gangways) .
Before disembarking or going on liberty, departing petty officers and
seamen must be in formation.

As the launch (boat) approaches the ladder, the officer of the watch
directs the seamen and petty officers to embark first, followed by the
officers, making sure that the launch is not loaded beyond capacity.

During the embarkation of personnel in launches (boats) and before
their departure from alongside the ship, the officer of the watch re-
mains at the top of the ladder.

Launches (boats) may pull away from the ship only on order of the
Commanding Officer or the Executive Officer, his Deputy for political
affairs, or the officer of the watch (Officer of the Deck).

When departing the ship, launches (and boats) must be fully supplied
with the equipment, as prescribed.

Whenever a launch or boat is dispatched the officer of the watch
will insure:

a) when dispatching a boat, the presence of a full complement of
oarsmen, signal equipment, a lantern, and rescue equipment ;

b) when dispatching a launch, sufficient supply of fuel, water,
and firefighting equipment, in addition to the items mentioned above,
as well as proper functioning of the running lights.

When dispatching a launch (or boat) beyond the limits of the harbor
or roadstead the officer of the watch must make certain that a compass
and a chart (or a diagram) of the area of navigation are on board.

If there are officers on board, the coxswain of the launch (or Akg
boat) pulls away on order of the senior officer present.

All officers--except Executive Officers and the Commanding Officer's
Deputy for political affairs, Commanding Officers of warships of all
classes, and high-ranking officials--must obtain permission from the
officer of the watch before giving orders to shove off.

If a high-ranking official is escorting those who are departing,
permission to shove off must be obtained from him.



When petty officers and seamen leave the ship the coxswain of the
launch (or boat) pulls away from the side of the ship on order or with
permission of the officer of the watch.

Launches (or boats) must not remain needlessly near ladders. They
are either hauled out to the boat booms, attached to the guess rope,
or, if there is no special order, kept in the water abeam. A boat must
be secured to the guess rope when at least two oarsmen and a helmsman
are on board.

During anchorage in roadsteads at night, and with the onset of colder
weather, launches (and boats) must be hoisted aboard ship or sent to
harbors (i.e., sheltered places of anchorage).

During anchorage in enclosed bays and harbors when it is dark, only
those boats which are absolutely needed are permitted to remain in the
water; the officer of the watch must keep a constant watch over them and
see that the boats are made fast.

Section 1.4. The Officer of the Watch, the Navigator
and the Combat Information Center (CIC)

Before taking over the watch the officer of the watch must obtain
information from the navigator on the following: the position of the
ship and the accuracy with which the position was determined and the in-
formation concerning navigation conditions during the forthcoming watch
(the course of the ship according to the preliminary plotting, any near-
by navigational hazards and their markings). Together with the navigator
he should mark control and danger bearings, distances, depths, leading
lines (see Section 7.5.) and record the basic data.

The officer of the watch receives the following information from
the navigator:

- reference data of navigational and hydrometeorological nature in
the area of navigation;

- the time the ship will approach a combat training area, a narrow /19
channel, an approach buoy, or a point of rendezvous, and the time she
will leave the training area, the fairway or the narrow channel, as well
as the data for insuring navigational safety (such as control and danger
bearings, distances, depths, etc.);

- the new course, the estimated time for turning, and the control
bearing (or distance) to the reference point five minutes and one minute
before turning;

-~ the moment of turning onto the new course;

10



- corrections for major navigation instruments;

- the computed data on movement of oncoming vessels and suggestions
for passing them;

- the time for switching on, switching off, or switching over of
the degaussing gear;

- the time of the rising and setting of the sun and moon and the
beginning and end of nautical and civil twilight.

The officer of the watch informs the navigator about the following:
- changes in the course and speed of the ship;
- the beginning and end of the turn onto a new course;

- orders received about the station change of his ship in the for-
mation or about the relocation to another formation;

- the detection of targets which may interfere with the planned
maneuvers the ship will perform;

- the appearance or disappearance from the sight of shores, naviga-
tional aids, and other objects important in navigation;

- sharp changes in weather conditions (decrease in visibility,
freshening of the wind, etc.);

- changes in the operating depth of a submarine.

After receiving permission from the Commanding Officer of the ship
to give commands directly to the helmsman (when navigating with the aid
of ranges, in narrow channels, when approaching a given point for anchor-
age, etc.), the navigator informs the officer of the watch of the per-
mission and informs him of each command given to the helmsman.

The officer of the watch is personally responsible for supervising
watchstanding by radarmen in the Combat Information Center (CIC) by way
of periodic inspection of the horizon on the PPI repeater.

The officer of the watch must keep the CIC Officer constantly /20
posted on the situation and its possible changes, pointing out the most

important targets that must be kept under observation.

The officer of the watch receives from the CIC Officer information
on the following:

- any detected targets and their coordinates;

ll '



- the classification of targets and results of their identification;

- target motion parameters and their changes;

- results of the analysis of the situation.

On submarines, in addition to the above information, the officer of
the watch receives from the CIC the following:

- data on hydrological conditions;

- radar observations;

- suggestions for selecting optimal operating depths and speed to
insure the best conditions for using the sonar equipment and avoiding
detection by the enemy.

Section 1.5. Duties of the Junior Officer of the Watch

The junior officer of the watch is appointed on surface ships of the
first rank.
when the ship is underway and the immediate executor of his orders. By
order of the Commanding Officer, a junior officer of the watch can also
be appointed when the boat is at anchor (at a mooring buoy or pier).

He is the immediate assistant to the officer of the watch

The junior officer of the watch must be familiar with all the duties
of the officer of the watch and be ready to take his place, if necessary.

When going on watch duty the junior officer of the watch must re-
ceive information about the following from his predecessor:

a)
b)
c)
d)
e)

£)
deck;

g)

h)

the

the

the

the

the

the

the

the

course and position of the ship;
station of the ship in formation;
combat readiness of the ship;
readiness of the lifeboats;

work being done on the main deck;

condition of hatches, access holes, and exits to the main

running lights;

orders that have not been carried out; and

12
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i) darkening of the ship main deck and superstructures when navi-
gating without lights.

When dispatching a lifeboat while the ship is underway, the junior
officer of the watch is responsible for her timely and proper lowering,
and if so ordered, he embarks as the boat officer.

The junior watch officer must periodically check, either personally
or through his subordinate battle station officers, the operation cf the
running lights.

The junior officer of the watch is located mainly on the bridge to-
gether with the watch officer.

Section 1.6. Relieving the Watch
The officer of the watch is in direct charge of the ship's watch.

Special watches in departments and divisions are under the command
of immediate officers with the exception of personnel at control or
battle stations in the state of combat readiness, who are under the com-
mand of the officer of the watch.

A normal watch is four hours in duration. Depending on the situa-
tion, the duration of watches at individual stations can, by order of
the Commanding Officer of the ship, be reduced to one hour or increased
up to six hours. At the helm and lookout stations the normal watch is
two hours.

Fifteen minutes before a watch underway is relieved, the officer of
the watch--or the Officer of the Deck if the ship is at anchor and a
watch officer has not been assigned--will give the command: '"Next watch

prepare for duty. Uniform (such and such); for deck watch, number (so
and so)."

When the ship is at anchor (or moored) those relieving the watch line
up in ranks at quarters for inspection at the prescribed time on command

from the watch.

The officer of the watch (Officer of the Deck) directs the general
inspection of the watch.

Ten minutes before relieving the watch the officer of the watch

(Officer of the Deck) gives the command: ''Next watch on duty" or '"Next
watch line up in ranks at such and such a location." Five minutes /22
before relieving the watch the Officer of the Deck (Officer on duty

on lower decks) gives the command: '"Attention! Begin inspection!" He

then begins to inspect the ship's watch. At the same time the engineer-
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ing watch officer (officer on duty in the engineering department) pro-
ceeds to inspect the special watch.

When the ship is at anchor inspection of the watch is conducted in
the following manner: the roll call of personnel entering the watch is
conducted and their familiarity with their duties are checked. After
receiving a report from the officer on duty in the engineering depart-
ment concerning the results of the inspection, the officer of the watch
(Officer of the Deck) gives the command: '"Proceed to your regular
stations,”" whereupon personnel run to their stations to relieve the
watch.

Upon receiving reports from watch stations officers and from the
officer on duty in the engineering department that the next watch has
taken over, the officer of the watch gives the command: ''Relieved
personnel leave your stations.'" On this command the relieved personnel
leave their stations and the new watch assumes the responsibilities of
watch duty.

When the ship is underway the inspection of the watch is conducted
in the following manner: the incoming watch engineer and the officer
on duty on lower decks on a surface ship inspect the next watch of the
engineering department, men on duty in the compartments, and the guard
detail at stations specified by ship orders. There is no watch inspec-
tion on submarines.

In accordance with the announced state of combat readiness, person-
nel of the incoming watch, on the watch officer's command ''Next watch
on duty" check their watch stations and duties and report by telephone
on the status of these stations to the control stations of the individual
watches and, on a submarine, to the watch officer in the control room.
When permission is granted, they take over the watch.

On submarines, after taking over a new watch, the engineering watch
officer makes the rounds of compartments, checks the arrival of men on
watch at duty stations and inspects their performance. He then reports
all this to the officer of the watch.
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CHAPTER 2

SEAWORTHINESS AND MANEUVERING PROPERTIES OF SHIPS*

Section 2.1. Buoyancy

Buoyancy is the ability of a ship to remain afloat with a given /23
trim while carrying all loads necessary to execute combat missions
typical of the given type of ship.

1. TForces Acting on a Ship
The following forces act on a ship lying dead in calm water:
- the forces of gravity acting on all parts of the ship and weight
of all loads located thereon, the resultant of which is the force of

gravity P applied at the center of gravity G of the ship and directed
vertically downward (Fig. 2.1);

z V4

Ip I’
W\x_\\\ 56 j//l wl{ % ]t
iC \ ic f '
"yv T oy

Fig. 2.1. TForces acting on a ship

- the hydrostatic forces due to water pressure acting on the sub-
merged part of the ship hull, the resultant of which is the upward
(buoyancy) force YV applied at the center of gravity of the submerged
volume of the ship, called the center of buoyancy C, and directed /24
vertically upward.

The force of gravity (weight) of the ship in Newtons is

P = gM, (2.1

* In the formulas of this chapter, when using the SI System, force
(weight) must be expressed in N (Newtons), the moment of force

in N-m, and specific gravity y in N/m3; for calculations in the
MKS system, force (weight) must be expressed in ton-force, moment

of force in T(F)-:m, and specific gravity y in T(F) /m3.
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where g is the acceleration due to gravity (9.81 m/secz);

M is the mass of the ship, kg.

The mass M of the ship and the coordinates of the center of gravity
G are:

M:Em,; )
o ! |
X = i zrn,x,; Vg = i znz,y,; y

4 =714—-Em,z,. ’

where mes Xis Yy and z, is the mass of each individual load component

(2.2)

of the ship and the coordinates of its center of gravity, respectively.
The buoyant force YV is determined primarily by the submerged vol-
ume V (displacement) of the ship. The specific gravity of water y
varies slightly, within 37.
The volume displacement in m3 is

V = SLBT (2.3)

where & is the block coefficient (or the overall fullness coefficient);
1L is the length of the ship along the designed waterline, m;
B is the beam of the ship at the designed waterline, m; and

T is the draft, m.
For certain types of ships the values of coefficient § are: for
cruisers, 0.45-0.60; destroyers, 0.44-0.53; and for launches, 0.54-0.55.
2. Conditions and Equations of Equilibrium

1) The force of gravity (weight) of a ship must be equal to the
buoyant force

P =V (2.4) /25

If P > yV, the ship will submerge and if P < YV, the ship will
rise.

2) The center of gravity and the center of buoyancy must lie on
the same vertical line:
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(zg - zc) tan 0; (2.5
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(zg - zc) tan ¥,

where X Y, and z, and x , y and z_ are the coordinates of the centers
& & of buoyancy and gravity, m;

© and { are the angles of heel and trim,
degrees.

3. Reserve Buoyancy of Ships

Reserve buoyancy is the greatest possible buoyant force increase
which is measured by a ship's watertight volume above the water (it spec-
ifies the greatest possible volume of water which the ship can accept
within its hull and still remain afloat). The maintenance of the ship's
reserve buoyancy is insured by the integrity and watertightness of its
sides above the water and main deck.

In terms of volume and buoyant force the reserve buoyancy, expressed
in percent, is

A=Vy—V;, dy=1V,—V)

i (2.6)
_V-".V__‘i-loo R —éwloo.

where Vn is the volume of the hull up to the upper watertight deck, m3;

V is the volume of the hull up to the effective waterline, m3.
The reserve buoyancy of an undamaged ship is

A~ S.H (2.7)

where S is the waterplane area, m2;

H is the height of the freeboard, m.

The reserve buoyancy of surface ships of various types amounts to
100% or more of the displacement.

The residual reserve buoyancy of a damaged ship in m3 is

A ‘Ao - W - Zle - ZVHZ, (2.8)
where A0 is the reserve buoyancy of the undamaged ship at the time /26

of receiving damage, m3;
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W is the volume of water which has entered the compartments, m3;

V. are the volumes of above-water compartments open to seawater,

m3;
A/ are the volumes of above-water compartments with unsealed holes
above the water.

4. Classification of Displacements

In a state of equilibrium, the mass M of a ship which is equal to
the mass of the water displaced by the ship is called the mass displace-
ment, or simply displacement, and is measured in tonms.

Displacement is defined in terms of ship's burden. For warships the
following classification of displacements (standard loads) has been
established.

Light displacement is a displacement of a ship which is fully out-
fitted and ready for service. However, she has no crew and carries no
ammumition, supplies, provisions, fuel, lubricants, and feed, fresh
and drinking water in her tanks and machinery.

Standard displacement is a displacement of a ship completely ready
for service, fully manned and ready to go to sea. She is lcaded accord-
ing to specifications with the exception of fuel, feed water and oil in
the tanks and carries fuel, water and oil in systems, machinery, hot
wells, and bilge tanks, i.e., her mechanical systems are completely
ready to get underway.

Normal displacement (displacement at the offiecial trial time) is a
displacement equal to the standard displacement plus the supplies of
fuel, lubricants, and feed water in the amounts of 50% of those speci-
fied for the full displacement of the ship.

Total displacement is a displacement equal to the standard displace-
ment plus fuel supplies, lubricants and feed water in the amounts that
guarantee the prescribed endurance at full or endurance speeds.

Maximum displacement is a displacement equal to the standard dis-
placement plus ammunition which the ship can accommodate in the outfit-
ted magazines or on the mine tracks on deck (in addition to the normal /27
supply specified for the standard displacement), as well as supplies of -
fuel, lubricants and feed water in the amounts sufficient to completely
flood all the spaces intended for their storage.

For seagoing transport vessels displacement is classified as follows.
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Light displacement is a displacement of a vessel ready to go to sea
with all the shipboard equipment except for the cargo which the vessel
is designed to carry, the crew, fuel, and all the consumables.

Loaded displacement is a displacement of a vessel with the maximum
allowable draft and minimum allowable freeboard, as specified by regu-
lations issued by classification organizations and by the Shipping
Register in the USSR.

The difference between loaded and light displacements is the total
load carrying capacity of a vessel, or its deadweight MD. The weight of

all cargoes and passengers with baggage constitutes the useful (or net)
cargo carrying capacity of the vessel.

In addition, transport vessels are characterized by tonnage which is
measures in m3 or in register tons (1l register ton is equal to 2.83 m3).

Net register tonnage VN is the volume of all spaces intended for carry-

ing cargoes and passengers. Gross tonnage, or gross register tonnage
Vi» is the volume of all the vessel's spaces.

An approximate relationship between register tonnage, deadweight,
and loaded displacement is:

VN =2/3 VG = 4/9 MD = 8/27 M. (2.9)

5. Buoyancy Characteristics of Submarines

When a submarine is completely submerged she can be in the state of
equilibrium for only one fixed value of the force of gravity (weight):

Ps - -YVS (2.10)

where Vs is the watertight volume of the submarine, (i.e. submerged

volume displacement), m3.

The equilibrium without a trim is possible only for one fixed /28
position of the center of gravity of the submarine:

X =X (2.11)

where Xg is the abscissa of the center of gravity of force Ps;

X, is the abscissa of the center of buoyancy of volume Vs'

A submarine whose load satisfies conditions (2.10) and (2.11) is
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said to be statically trimmed. When these conditions are not satisfied
the error determines the residual buoyancy:

Q= YVS = PS (2.12)

and the surplus trim moment:

Mt = Psxg - YVSxC. (2.13)

When Q > 0 the submarine rises, when Q < 0 she dives. When Mt < 0, the

submarine acquires a trim by the bow and for Mt > 0 she acquires a trim
by the stern.

In practice Q # 0 and Mt # 0. For the normal operation of a sub-

marine, however, these values must remain within certain small limits.
In calculations these limits are assumed to be zero.

In the submerged condition the reserve buoyancy of a submarine is
equal to zero. A rapid increase in the buoyancy of a submarine can be
achieved (without disturbing her trim) by blowing the main ballast tanks
(MBT). The total volume of these tanks is the potential reserve buoy-
ancy of the submarine in the submerged condition. Trimming is the
altering of the submarine loading by means of the variable ballast in
order to reduce the residual buoyancy and exXcess trim moment to zero.
Ballast trimming is based on calculations and is checked during sub-
mergence trials of the submarine. Calculations of the ballast trim
consists both in comparison of the total actual weight of the submarine
and trim moments of variable loads (including the auxiliary ballast)
with the similar total weight either under normal loads or under those
existing during the preceding submarine trimming, and in compensation
for any differences in total weights with the aid of the variable bal-
last. If necessary, an additional correction is made by taking into
account the specific gravity of the seawater.

The basic submarine conditions are:

- full buoyancy condition; it is a surface condition of a trimmed
submarine wherein all MBT's are blown, the negative tank is flooded, and
the submarine is ready for crash diving; /29

- diving trim condition; it is a surface condition of a trimmed
submarine wherein the midship group of MBT's are completely blown, the
MBT's of the end groups are completely or partially flooded, the nega-
tive tank is blown, the stern diving planes are positioned at 15° for
rising, the bow diving planes are rigged in, and the crew are at battle
stations according to the condition of readiness No. 1, calling for
sumberged operation. The submarine is ready for crash diving; and
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- submerged condition; it is a condition of a trimmed submarine in
which all the MBT's are flooded, the negative buoyancy tank is com-
pletely blown, the submarine is controlled by means of planes and can
operate at depths ranging from periscope to maximum operating depth.

The reserve buoyancy of a submarine in the full buoyancy condition
is equal to the total volume of the MBT's:

Ww=yV (2.14)

and the centers of buoyancy of these volumes lie on the same vertical:

Xy =Xy (2.15)

where W and is the reserve buoyancy in the full buoyancy condition
and the abscissa of its center of buoyancy, respectively,
in m3 and m;

V and Xy is the total volume of the MBT's and the abscissa of its

center of buoyancy in m3 and m.

The use of MBT's without flood valves on a submarine decreases the
reserve buoyancy because of the compression of the air cushions when
the draft of the submarine increases and because of the forcing of air
out of the air cushions during pitching and rolling in a seaway and
during listing. A decrease in reserve buoyancy in a seaway can be as
high as 30% of its value in calm water and large trims can result in the
complete loss of reserve buoyancy.

Section 2.2. Stability

Stability is the ability of a ship to return to a state of equilib-
rium following the removal of the external forces which disturbed the
equilibrium.

Static stability is observed when the forces causing a ship to in-
cline act statically, without giving rise to angular velocity during /30
inclinations due to shifting of solid loads or transfer of fuel or
water.

Dynamic stability is observed when the forces causing a ship to in-
cline act dynamically, giving rise to significant angular velocities
(e.g., the effect on a ship of blast waves, squall winds or water enter-
ing through holes).
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1. Initial Stability
Initial stability is stability within small angles of inclination.
The metacentric formulas for initial stability are:
=P
m, ho

M
b

(2.16)

PHY

where my is the righting moment for inclinations in the transverse plane
(for a stable ship it acts in the direction opposite to that of
the heeling moment) ;

M. is the righting moment for inclinations in the longitudinal
plane;

<-

is the force of gravity;
is the transverse metacentric height, m;
is the longitudinal metacentric height, m;

is the angle of heel, radians;

< o - - w

is the trim angle, radians.
The moment (m,) heeling the ship 1° is:

m, = Ph sin 1° = 0.0175Ph. (2.17

The heel 6, in degrees, for a known heeling moment m is:

o = K (2.18)
My

The moment trimming the ship by 1 cm (MO) is:

M = PHA =

PH
. 0.0l'ir y (2.19)

-

where L is the length of the ship, m.

The trim of a ship for a known trim moment Mt’ in cm, is: /31
M
p=E (2.20)
MO

To insure the equilibrium stability the metacenter of the ship must
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lie above the center of gravity, i.e., the metacentric height must be
positive. 1In this case, for small inclinations there are righting
moments which act in the opposite direction and which tend to return
the ship to her original state of equilibrium (Fig. 2.2)

Fig. 2.2. Ship showing positive stability

The longitudinal metacenter is always located above the transverse
metacenter so that a ship which is stable in the transverse plane is
obviously also stable in the longitudinal plane. Therefore, a ship is
considered to be stable if her transverse metacentric height is positive.

The initial stability of a ship is measured by the following:

1) coefficients of stability, i.e., values of the righting moment
per unit angle of inclination. They make it possible to evaluate /gg
directly the resistance which a ship exerts against forces deviating
her from a state of equilibrium. The coefficient of transverse stabil-
ity k corresponds to an inclination in the transverse plane while the
coefficient of longitudinal stability K corresponds to an inclination
in the longitudinal plane:

= -—6—.—1)/1;
" (2.21)
K='T¢=PH;

2) metacentric heights, i.e., coefficients of stability per unit
weight of ship, in meters:

k_..K_
I)-_h’ P H. (2.22)

The metacentric height gives a relative estimate of the ship ini-
tial stability. One may conveniently use it in comparing various ships
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from the standpoint of initial stability. The coefficient of stability
must be used to evaluate the initial stability of a ship in the sense of
her capacity to resist deviations from a state of equilibrium. Meta-
centric heights are calculated during the design of the ship; they are
entered in the ship's book and updated according to the experimental
data obtained during ship's operation. The optimum value of the trans-—
verse metacentric height h for cruisers is 0.9 to 1.3 m; for destroyers,
0.75 to 0.9 m; patrol boats, 0.6 to 0.8 m; seagoing minesweepers, 0.6 to
0.8 m; and torpedo boats, 1.0 to 1.5 m.

The transverse metacentric height h is related to the roll period
of the ship in calm water by the following expression:

ht? = A, (2.23)
where A ~ constant.

If the period T and the initial metacentric height h0 are known from

the preceding heel, then the initial metacentric height h, in meters,
at a given time will be

(2.24)

where T is the period of free oscillations, determined experimentally
at a given moment, in sec.

2. Changes in Trim and Stability as a Function of Load Displacement

Let a load with weight p be shifted so that its center of gravity
moves from point g, (Xl’ v, Zl) to point g2 (x2, Y, z2). The posi-

tion of the ship will not change because of the vertical shifting of
the load. The transverse metacentric height hl’ however, will change.
It will become equal to

h1 = h + &h (2.25)
where
th = — L2250 (”P_ )

When the load is shifted upward (22 > Zl) the transverse stability
of the ship is reduced and when the load is shifted downward (z2 < zl)

the transverse stability is increased. The change in the longitudinal
metacentric height will be negligible and, in practice, can be disre-
garded.

24

/33



From the longitudinal and horizontal displacement of the load, the
ship will acquire the following trim, in degrees:

573p (x,— x
\Pl - ——'—‘_‘—p (P;'I l) . (2026)
As a result, her draft by the bow and stern will become:
L
5TH = (—Q——xF) q"l;
(2.27)

L
5Tx=—(T+XF)‘P|.
where L is the length of the ship, m;

Xn is the abscissa of the center of floatation, m.

From the transverse and horizontal displacement of the load the
ship will acquire a heel 6, in degrees. In calculating the heel one
must also bear in mind the change in stability owing to the vertical
displacement of the load with weight p:

= 513p(¥:— 1)
b= (2.28)

The transverse stability for a given displacement of the ship can
be changed only by changing the moment of stability of her weight; in
other words, by shifting the loads on the ship along the vertical.

3. Changes in Trim and Stability When Taking On and Using
Up of Small Loads (Weight no greater than 10-15% of P)

/34

Taking on a load changes the ship's trim (T, ¥, and ) and stability.

For small changes in ¢ and & the stability increases when the load re-

ceived is placed below the neutral plane and decreases when it is placed

above this plane. The plane of the initial waterline of the ship can
be taken approximately as the neutral plane.

Let a load with weight p whose center of gravity is at a point
whose coordinates are X, y, and z be taken aboard ship.

The ship's longitudinal stability remains practically unchanged from

the acquisition of small loads.
The new trim and stability parameters will be:

- change in mean draft, m:

5T = -

5 (2.29)
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where y is the specific gravity of water; and

S is the effective waterplane area, m2;

~ transverse metacentric height, m:

_ P 37
h,_lz+m(T+—2—~/l—2); (2-30)

— angle of heel, in degrees:
= bPY ___.z74.
b= PT o 57.3; (2.31)
- angle of trim, in degrees:

__ffx""xr)
Py = (P"_’—_Wl—!--57.3; (2.32)

- forward draft THl and after draft TKl:

L
Tyy=Ty+ 8T + (-—2—-—~.’CF) Yy

(2.33)
= T + sr—<-§_ +xF) $o:
(2.34)
- trim, m:
Al = THl - TKl; and (2.35)
- mean draft, m:
o= Jutlu, (2.36)

The same formulas should be used when loads are used up. However,
in this case, one must take into account the fact that p is negative.
In the event when several loads are received or removed simultaneously,
these loads must be reduced to a single equivalent load.

4., The Effect of lLiquid Cargoes on Stability

A liquid cargo filling a tank completely is equivalent to a solid
well-secured load. For free flowing cargoes with the free surface the
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4, The Effect of Liquid Cargoes on Stability

A liquid cargo filling a tank completely is equivalent to a solid
well-secured load. TFor free flowing cargoes with the free surface the
metacentric heights of the ship have the following increments in meters:

(2.37)

where ix and i are the moments of inertia of the free surface area of
Y the liquid about the axes passing through the center

of gravity of this area, m“; and

V is the volume of the liquid cargo, m3.

5. Changes in the Initial Stability When a Ship Goes Aground /36

When a ship goes aground its stability decreases. If the ship
touches the sea bottom amidships the new metacentric height becomes

hlay h - 6T, (2.38)

where 6T is the change in the mean draft, m.

If a ship, trimmed by the bow, touches the sea bottom with the
bow, the new metacentric height is

PAPSPRULLLINYY

cp (2.39)

where §A is the change in trim, m.

The decrease in the transverse metacentric height becomes greater
with an increase in the trim by the bow, i.e. with an increase both in
the ratio TH/TCp and the change 8A of the trim of the ship as a result

of her going aground. Going aground can be disastrous for a damaged
ship with a large trim.

6. Static and Dynamic Stability Curves
for Large Inclination Angles

A graph of static stability (stability curve) is a curve depicting
the relationship between the righting moment or the stability arm and
the angle of heel. The stability curve is computed for each ship by
taking into account her displacement and the ordinate of the center of
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gravity. Fig. 2.3 shows a typical stability curve for a ship with posi-
tive initial stability.

L | Mg
Ao
83
il X =0 ] 0 —t— G
Fig. 2.3. Static stability curve Fig. 2.4. Dynamic stability curve

The angle of heel 63 at which the stability curve intersects the

horizontal axis, i.e., when the righting moment becomes zero, is called
the angle of vanishing stability. For seagoing vessels the angle of
vanishing stability is between 60 and 90°. As a rule, ships with high
freeboards have large vanishing stability angles.

The static stability curve makes it possible to solve problems deal-
ing with the determination of the heel of a ship as a function of the /37
static or dynamic effect of the heeling moment or, conversely, problems
dealing with the determination of the heeling moment causing the ship
to incline at a specific angle, i.e. to acquire the static or dynamic

heel.

The dynamic stability curve (Fig. 2.4) is a curve showing the work
performed by the righting moment as a function of the angle of heel.
The work of the righting moment for the given inclination of the ship
from the upright position to a given angle of heel, is

by

"\

Ty= J‘modﬂ. (2.40)
0

The dynamic angle of heel is the maximum angle which the ship ac-
quires under the dynamic effect of the heeling moment. With a sudden
application of a constant heeling moment, the dynamic angle of heel is
about twice as large as the static angle of heel within the linear
part of the static stability curve.

With the aid of the dynamic stability curve one can determine the
following:

1. the dynamic heel for the case of a sudden application of a con-
stant heeling couple to the ship; and

2. the greatest dynamic moment a ship can handle without capsizing.
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7. Measures to be Taken for Maintaining Initial Stability of Ships

The initial stability of a ship can deteriorate because of the
following:

transfer of cargoes from lower to higher spaces;

- taking on cargoes in spaces located above the waterline;

- using up cargoes located in spaces lying below the waterline;
~ presence of liquid cargoes with a free surface;

- presence of unsecured cargoes;

- touching the supports of a dock;

- touching sea bottom;

reducing the effective waterplane area as a result of large trims.

When a ship is heeling the righting moment is reduced by the magni-
tude of the heeling moment. The longitudinal stability is reduced
substantially when either end of the deck enters the water.

External indications of the low initial stability:

~ inclination of the ship (upon application of heeling moments)
through large angles which do not correspond to the values given in the
tables;

- extremely smooth rolling;

- inclination of the ship when turning, with the angles greatly ex-
ceeding the theoretical turning angles.

Measures preventing stability deterioration below the prescribed
level:

- strict observance of instructions for receiving and using up fuel;
these instructions provide for the optimal--from the standpoint of main-
taining ship stability--distribution of fuel in tanks at all times;

- systematic accounting for the presence and distribution of variabl
cargoes, especially liquid cargoes, as well as measurement of the draft

and determination of the ship's water displacement;

- systematic monitoring and maintaining stability within the pres-
cribed limits;
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- taking measures to improve stability when receiving additional
cargo and when the ship is icing up.

To maintain stability within the prescribed limits it is necessary:

- to use up and take on liquid cargoes so as not to allow the for-
mation of large free surfaces;

- to place all variable cargoes in areas provided by the ship's
design; cargoes which can move must be safely secured;

- not to allow the flow of liquid cargoes from the tanks on one
side into the tanks on the other side of the ship;

- not to allow the accumulation of water in holds, on decks and
especially in large spaces located above the effective waterline;

- to drain the water immediately after the sealing of holes in
damaged compartments by means of the water removing equipment;

- to chop the ice and dump it overboard whenever the deck, masting
and rigging freeze over;

- to determine immediately the reason for the onset of the heel
or trim and to eliminate them as quickly as possible;

- to regulate strictly the weight distribution aboard ship.

8. Stability Characteristics of Submarines

In the submerged condition the submarine does not exhibit form
stability. All her metacenters coincide with the center of buoyancy
which, in order to insure stability, must be located above the center
of gravity of the submarine.

The condition for stability is

zZ_ > zZ (2.41)

where z, and Zg are the z-coordinates of the center of buoyancy and

center of gravity of the submarine in the submerged condition, m.

The transverse and longitudinal metacentric heights are equal to
one another:

h=H=12z -2z_. (2.42)
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The transverse and longitudinal stability arms are:

ly = h-sin 0;

ly=H-sing. | (L)

The angles of the static stability curve maximum are equal to 90°,
while the angles of vanishing stability are equal to 180°.

The transverse metacentric height, obtained by taking into account
the overflowing of the liquid cargoes, is:

h=2z-~-2z. (2.44)

h =z - z_- (2.45)
The metacentric height without the correction is /40
h0 =z - zg, (2.46)

where z = z + 8h; and

z_ and z_are the ordinates of the curves z(T), z (T) and z (T)
for the given draft T, in meters.

Whenever the top stringers of the MBT's and pressure hull become
submerged, the initial stability of the submarine falls sharply because
of the decrease in form stability. The corresponding area on the graph
(Fig. 2.5) is called the 'neck."

In the full buoyancy condition the metacentric heights of a subma-
rine are:

~ transverse, h = 0.2 to 0.6 m;

- longltudlnal H = (0.8 to 1.5) L, where L is the length of the
submarine, m.

In the submerged condition h = H = 0.2 to 0.6 m.
During diving the positions of the center of buoyancy C, transverse
metacenter m, and of the center of gravity g in a submarine change.

This is shown graphically in Fig. 2.5.

Before submergence of the pressure hull the center of buoyancy [ﬁl
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Fig. 2.5. Graph of the initial stability
of a submarine during diving and surfacing.

moves upward rapidly and then more slowly. With the total submargence
of the submarine the position of the center of buoyancy does not change.
When the submarine rises the center of buoyancy moves in the opposite
direction.

During submergence the transverse metacenter moves down and with
the total submergence of the pressure hull, the transverse metacenter
coincides with the center of buoyancy. During rising of a submarine the
transverse metacenter moves in the opposite direction.

With the flooding of the lower parts of the MBT's the center of
gravity moves down somewhat, and with the flooding of the middle and
upper parts it moves up. When the main ballast tanks are completely
flooded, the center of gravity is located higher than in the full buoy-
ancy condition. When the submarine rises the center of gravity moves
in the opposite direction.

In Fig. 2.5 the solid curves correspond to the case of diving (or
surfacing) accomplished by a submarine in one step, and the dashed
curves correspond to the case of diving or surfacing made in two steps.
Using this graph one can analyze the change in the transverse metacen-—
tric height h during submergence or surfacing made in one or two steps.
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Section 2.3. Controllability

Controllability is the ability of a ship to maintain a given
heading and, if necessary, to change it by means of the rudder or by
some other means. The ability of a ship to maintain a given heading
is called directional stability and the ability to change the heading
is called maneuverability.

1. Maneuverability of a Ship

The maneuverability of a ship is characterized by the time required
to change course and by the turning circle, i.e., by the path of the
ship's center of gravity when the ship is turning. The three character-
istic periods in a turning circle are:

-~ the maneuvering period, i.e. the period from the beginning to the
end of the rudder angle application; due to the increase in the rudder
angle the force acting on the rudder gradually increases;

- the evolution period, i.e. the period between the time the rudder
angle application ends and the beginning of steady motion; it ends approx-—
imately at the time when the ship changes her direction by 90 to 120°
relative to the original course; /42

- the period of steady turning is the period during which the center
of gravity of the ship moves along a circular path with an almost con-
stant velocity.

When a ship turns in a circle she acquires a certain heel and trim.
The trim is usually very small and the heel can become considerable.
During the maneuvering period the ship heels in the direction of the
rudder, i.e., toward the center of the turning circle. During the per-
iod of steady turning the ship heels in the direction away from the
center of the turning circle.

The basic parameters of the turning circle are (Fig. 2.6):

Fig. 2.6. Basic parameters of the turning circle
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- turning diameter D, which is the diameter of the circle described
by the center of gravity of the ship during the period of steady mo-
tion; the ratio D/L is called the relative diameter of the turning cir-
cle or the measure of maneuverability of the ship; the magnitude of D/L
is between 4 and 7;

- tactical diameter DT of the turning circle is the perpendicular

distance from the original course to the position where a ship has
turned through an angle of 180°.

- period of the full turn is the interval of time in the course of
which the ship completes a 360° turn;

- angle of drift B is the angle between the tangent to the path of
the ship's center of gravity and her center line.

The maximum heel, in degrees, of the ship during steady turning is:
Uy T
Otnax=l'47lf<zg_'7>' (2.47)

where i is the speed of the ship on the forward course before /43
turning, m/sec;

H is the transverse metacentric height, m;
L is the length of the ship, m;
z 1is the ordinate of the ship's center of gravity, m;

T is the mean draft of the ship, m.

The factors which affect controllability and which depend on the
ship are the speed, heel, trim, and the design of the ship. The exter-
nal factors affecting controllability are the direction and force of
the wind, the presence of seaway and its direction, the nature of the
depths, and the velocity and direction of currents.

2. The Action of the Rudder

With the ship underway the following forces act on the rudder to
which a rudder angle was applied:

- the force of the head sea acting both with headway and sternway;
it ceases to act when the ship stops;

- the screw current force reaching a maximum value on the rudder
blade placed astern of the propeller; this force may act throughout the
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entire period of the ship's headway and for ships with rudders mounted
abaft the propeller it prevails over all other forces;

- the force due to discharge of the mass of water on the other side
of the rudder plane; it tends to return the rudder amidships.

When moving ahead with the rudder shifted through a certain angle
from the center plane, a hydrodynamic force A begins to act on the
rudder. Its components (Fig. 2.7) are:

- AX is the rudder drag force which reduces the speed of the ship;
- A.y is the turning force which causes the stern of the ship to

swing in the direction opposite to that of the rudder.

When the ship is backing the Ay component swings the stern in the
direction of the rudder and AX causes the speed to decrease. Thus,

with sternway, the bow of the ship turns in the direction opposite to
that of the rudder (Fig. 2.8).

a0
<5
A
y :
£
V4
I
Fig. 2.7. Forces acting on Fig. 2.8. Forces acting on
the rudder during headway the rudder during backing

In all instances the greater the speed of the ship and rudder
angle the more rapidly will the ship turn. However, at large rudder /44
angles the rudder drag increases sharply and, consequently, the
speed of the ship decreases. Therefore a rudder angle greater than
25-30° is not recommended.
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3. Controllability of a Submarine in the Submerged Condition

The movement of a submarine in the submerged condition is character-
ized by:

- motion in the horizontal plane or change in course at a constant
depth;

- motion in the vertical plane or change in depth on a constant
course;

- three~dimensional motion or maneuvering with the simultaneous
change in depth and course.

The maneuverability of a submarine in the horizontal plane varies
within D = (3.5 to 8.0) L. The heel, during all periods of turning, is
inward, i.e., the heel occurring during the maneuvering period increases
throughout the evolution period, reaches its greatest value during /45
steady turning, and remains constant until the end of the turn.

The controllability in the vertical plane is the ability of a subma-
rine to maintain the given heading in the vertical plane as well as to
change it by means of the diving planes and propellers. The controlla-
bility of a submarine in the vertical plane involves two characteristics—-
stability of motion and maneuverability in the vertical plane. The
diving planes are the basic components insuring the controllability of
a submarine in the vertical plane. Controllability depends on the speed
and trim of the submarine.

The following parameters characterize the motion of a submarine in
the vertical plane (Fig. 2.9):

Fig. 2.9. Parameters of motion of
a submarine in the vertical plane

- speed ahead V of the submarine;

- angle of attack o is the angle between the veolcity vector and

longitudinal axis X, of the submarine;
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- angle of trim ¢ is the angle between the level line and longitud-
inal axis X, of the submarine;

- path angle o is the angle between the level line and the velocity
vector;

— angular velocity w of the submarine about the transverse axis zl.

The following forces and moments act on a submarine during her mo-
tion in the vertical plane (Fig. 2.10):

Fig. 2.10. Forces and moments acting on a
submarine during motion in the vertical plane

- static forces and moments;
- hydrodynamic forces and moments; and
- force and thrust moment of the propellers.

Static forces and moments include the force of gravity PTT (weight) /46

and the buoyancy force YVN' These forces produce the righting moment
My = YVﬂhﬂSinw. The residual buoyancy force is Q = YVTr - PTr and the

moment is M..

Q

Hydrodynamic forces and moments include forces produced by the

effect of water on the hull of a submarine during her movement. The
resultant R of these forces is called the main hydrodynamic force vector.
The point of application of the main vector is the pressure center K.
The component R parallel to the x_ axis is the longitudinal hydrodynamic
force Xl; the component parallel "to the y1 axis is the normal hydro-

dynamic force Yl' When o > 0, 7 is positive, i.e., a lift force is

exerted on the hull of the submarine; when o < 0 a downward force acts
on the hull of the submarine.

The moment of the thrust force of the propellers is
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MT =T . Yo (2.48)

where T is the thrust force of the propellers and

y.. is the vertical distance between the center of the thrust
bearing and the center of pressure of the submarine, m.

If all forces and moments acting on a moving submarine are in a /47
state of equilibrium and the motion itself is characterized by constant
parameters, then, dynamically, the submarine is in equilibrium. The
dynamic equilibrium is achieved by a submarine only through the proper
shifting of diving planes or adjusting the trim.

If the diving planes of a submarine moving with speed V are de-
flected at a certain angle o, hydrodynamic forces will begin acting on
the planes, the resultant R of which acts at the center of pressure of
the planes (Fig. 2.11).

Fig. 2.11. Effect of the diving plane
making an angle with the oncoming stream

The resultant R can be resolved into two components: horizontal
component RT and vertical component RB. The former component (RF) will

slow down the submarine while the latter component (RB) together with
its moment MB about the center of gravity of the submarine will change
the direction of the submarine motion in the vertical plane.

If the diving planes create a trim by the bow then a minus (-) sign
is assigned to the trim and one speaks of the planes as being rigged
for diving. If the diving planes create a trim by the stern then a

plus (+) sign is assigned to the trim and one speaks of the planes as
being rigged for rising. If the vertical component RB tends to rise the

submarine it is considered to be positive (+RB) and if it tends to lower

her, it is considered to be negative (—RB).
Using the diving planes separately:

- the bow planes are rigged for diving (or rising); in such a case
a vertical force which is directed downward (—RH) or upward (+RH) is
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produced together with a trim moment (-MH) by the bow or by the stern
(+MH). Under the effect of the vertical force (—RH) or (+RH) and trim
moment (-MH) or (+Mﬁ) the submarine will dive (or rise) (Fig. 2.12);

- the stem planes are rigged for diving (or rising); in such a /48

case a vertical force which is directed upward (+RK) or downward (—RK)
is produced together with trim moments by the bow (-MK) or by the
stern (+Mk). Under the effect of force (+RK) or (—RK) and trim moment
(—MK) or (+Mk) the submarine will dive (or rise) Fig. 2.13).

e

Fig. 2.12. Bow planes are rigged
a - for diving; b - for rising

Fig. 2.13. Stem planes are rigged
a — for diving; b ~ for rising

Using the diving planes together:

- the bow and stern planes are rigged in the opposite directions
for diving (Fig. 2.14 a); in such a case forces +RH and +RK are produced
together with the trim moment —MH by the bow and the trim moment —Mk
by the stern; the submarine will dive;

- the bow and stern planes are rigged in the opposite directions for
rising (Fig. 2.14 b); in such a case, forces +RH and -—RK are produced

together with the moments trimming the submarine by the stern; the sub-
marine will rise;

39



- the bow planes are rigged for rising and the stern planes are /50
rigged for diving (parallel position is for rising, Fig. 2,14 ¢);
in such a case forces +RH and +RK are produced; the bow planes will

create a trim moment +MH by the stern while the stern planes will pro-
duce a trim moment Mk by the bow; when the trim moments become equal
the submarine begins to rise;

- the bow planes are rigged for diving and the stem planes are

deflected for rising (parallel position is for diving, Fig. 2.14 d);
in such a case forces RH and —RK are produced; the bow planes create

a trim moment —Mﬁ by the bow, and the stern planes produce a trim mo-

ment +M, by the stern; when the trim moments are equal the submarine
dives.

\]_/:Ei’__________ﬂ*' %
d Fe

Fig. 2.14. Using diving planes together:

a - planes rigged in the opposite directions
for diving;
b - planes rigged in the opposite directions
for rising;
- planes are in parallel for rising;
planes are in parallel for diving.

an
1
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Deflecting the planes in the opposite directions is used along with
trimming for rapid changing of the operating depth. As a rule, the par-
allel deflection of the planes--with almost no trimming--is used for
making small changes in the operating depth of the submarine. The motion
of the submarine in the vertical plane can be either steady--with con-
stant speed, angles of attack, and trim; or unsteady, in which case one
or several parameters (speed, angle of attack or trim) change in time.

The angles of attack and the plane angles at which the forces and
moments acting on the submarine are balanced and, as a result of which
the submarine performs steady horizontal motion, are called trimming
angles. Trimming can be accomplished by either of the planes used simul-
taneously or separately.

A loss in controllability of a submarine can occur when, at low
speeds, she is controlled by means of the stern planes. The speed at
which a loss in controllability occurs is called the inversion speed.
Its magnitude lies within 1.5 to 3.5 knots.

Section 2.4. Concept of the Speed-to-Power Ratio of
Ships with New Propulsion Principles

The speed/power ratio is the ability of a ship to develop a given
speed with minimum consumption of power.

In order to increase the speed/power ratio of ships, the following
new propulsion principles have been introduced in shipbuilding: planing
by means of hydrofoils; creating a layer of compressed air--static /51
air cushion; or using the velocity head of an oncoming stream of air
when flying near the surface of the water.

1. Planing Ships

When planing, a ship is maintained on the water syrface by hydro-
dynamic lift forces.

The speed of a vessel for which planing is possible is, in m/sec?:

——
Urnuee = 3 :KV{/—. (2.49)

where g is the acceleration due to gravity, m/secz; and
V is the displacement of the vessel, m3.
The application of the planing principle of propulsion required

special shapes for vessels such as plane or almost plane load carrying
surfaces. The degree of perfection of the shape of the vessel is
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characterized by the lift-drag ratio K:

K=-le, (2.50)

where y is the specific gravity of water, (ton-force) /m3;
V is the volume displacement of the vessel, m3; and

W is the resistance to motion.

The transition to the planing mode is characterized by a marked
reduction in water resistance, a fact which makes it possible to
achieve very high speeds. However, this is possible only in still
water since planing craft do not exhibit a high degree of seaworthiness.

2. Hydrofoil Ships (Craft)

The use of hydrofoils for moving in water is based on the property
of the foil to create a lift force when a stream of liquid moves past
the foil. When a ship moves at a high speed the hydrodynamic lift
force of the hydrofoil is sufficient to overcome the weight of the ship
and to raise her hull out of the water. This results in a significant /52
reduction in resistance to the ship's motion and, consequently, in an
increase in speed. For the same propulsion power the speed of boats
and ships using hydrofoils increases two to three times in comparison
with the conventional displacement vessels.

For stable operation at any steady speed in the foilborne mode,
the 1ift force of the hydrofoil ship must equal her weight.

Hydrofoil systems are divided into three basic types according to
the method used in controlling the lift force (Fig. 2.15):

1) surface-piercing hydrofoils (Fig. 2.15 a, b, ¢);
2) flat, slightly submerged hydrofoils (Fig. 2.15 d); and

3) deeply submerged, automatically controlled hydrofoils
(Fig. 2.15 e).

The deeply submerged, automatically controlled hydrofoils providing
a high degree of seaworthiness are usually used on seagoing hydrofoil
ships.

The 1lift-drag ratio of the hydrofoil is:

C
K=L_2X (2.51)
X CX
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Fig. 2.15. Basic types of hydrofoil systems:

a, b, ¢ - surface piercing hydrofoils;
d - flat, slightly submerged hydrofoils;
and
e - deeply submerged, automatically con-
trolled hydrofoils.

where Cy is the coefficient of the 1lift force of the hydrofoil; and
Cx is the coefficient of resistance to motion of the hydrofoil.

In the foilborne mode, when the hull of the ship is above water, /53
the drag is:

R = RK + RB + RA (2.52)
where RK is the drag of the hydrofoils, T(F);
RB is the drag of appendages, T(F); and
RA is the air drag, T(F).

3. Air Cushion Vehicles

The idea of the principle of motion on an air cushion involves the
creation of a lift force by forming a region of increased pressure,
i.e., a static air cushion under the ship's bottom. With the aid of
this cushion the ship is maintained at a certain height above water or
ground. Typical of ships using air cushions is the insignificant role
(in the overall balance of resistance to motion of the craft) played
by frictional and wave making resistances which are the basic compo-
nents of the total drag in conventional displacement ships and vessels.

Air cushion vehicles are classified as follows:

Type I - air cushion vehicles which ride completely clear of the
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surface of the water and which use closed flexible skirts; and

Type II - air cushion vehicles which use rigid side walls (skegs),
with flexible skirts only forward and aft.

Type I air cushion vehicles are amphibious while those belonging
to Type II are used only in water. Type I vehicles have substantially
less resistance than Type II. Propulsion systems use, primarily, air
screws. When moving at low speeds, Type I air cushion wvehicles have
an increased tendency to ship the heavy spray produced by the peripheral
flow of air from the flexible skirt. Type II air cushion vehicles,
which are always in contact with the water surface, can, in addition to
air screws, use hydrojets and water propellers.

4. Surface-Effect Ships /54

Surface~effect ships are machines which use the velocity head of
the oncoming air stream for the formation of a dynamic air cushion
when flying close to a screening surface (such as water surface).

The surface-effect ship moves at a relatively low height above the sur-
face in her near-the-screen operating mode. Movement on air eliminates
the effect of the water drag. This makes it possible for the surface-
effect ships to develop speeds of up to 200 knots (according to data
published abroad) with comparatively small consumption of power.

In addition to high speed, the advantages, according to the non-
Soviet data, of surface-effect ships in comparison with air cushion
vehicles and hydrofoils are:

~ improved seaworthiness because there is no contact with water and
because of the ability of these ships to change altitude depending on
the sea state; and

- long operating range due to the high speed and aerodynamic 1lift-
drag ratio of these craft.

One of the special features of surface-effect ships is their ability
to operate in various modes, such as the navigating and planing modes
and in their basic mode--moving above ground close to the screening
surface.

Section 2.5, Maneuvering Properties
The maneuvering properties of a ship are the characteristics describ-
ing her movement. They include the speed of the ship at various propel-

ler rpm; the reversing time; the time needed to develop the required
speed from various positions (or conditions) of the engines; inertia;
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and turning ability (see Section 2.3). TFor a submarine, in addition

to the above, the maneuvering properties include the vertical maneuver-
ability when submerged, which depends mainly on the submarine speed

and the angle of the diving planes. The maneuvering properties are
determined through a special program of shipyard performance trials and
official acceptance trials following the construction of the ship.
These properties are recorded in the ship's specifications book. They
do not remain constant and therefore must be updated regularly. The
maneuvering properties of a ship are recorded in tables which are kept
at the control stations and in the navigation department of the ship.

The speed of a ship is the distance traveled per unit time; it is
usually expressed in knots (nautical miles per hour). Speeds are /55
classified as follows:

- flank speed--the greatest speed a ship can develop by forcing
the main and auxiliary engines under the condition of total combat
readiness; ordinarily this speed is used under extreme circumstances
by single ships and only for short periods of time;

- full speed--this speed is developed with the main propulsion
engines operating at full power, normal displacement, and with all
weapon systems and ship equipment operating properly in the mode in-
suring the total combat readiness of the ship;

- operational speed--this speed is developed with the minimum con-
sumption of fuel (energy) per mile traveled, normal displacement, and
with all weapon systems and ship equipment operating in the mode insur-
ing the total combat readiness of the ship and the readiness of the
main engines to develop full speed;

- endurance speed--this speed is developed with the minimum con-
sumption of fuel (energy) per mile and with only those systems operating
which are required to maintain the prescribed combat readiness of the
ship and provide for the daily needs of personnel; and

- steerageway--the lowest speed at which the ship can be steered
with the propulsion engines operating stably.

Submarine speeds are additionally classified as follows:

- low-noise speed--the speed at which the submarine moves while
producing minimum amount of acoustic emission; and

- inversion speed--the speed at which the submarine loses control
over the stern planes.

The ship's tactical characteristics, associated with her speed,
include the following:
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- endurance--the distance a ship travels at a given speed and uses
up all her fuel supply (except for her reserved supply of fuel needed
to prepare the power plant for operation and the minimum supply re-
quired by the ship to enter the base) ; and /56

- operational radius--the maximum distance from the base a ship
can travel at operational speed and have enough fuel for engaging in
a battle and for her return trip; under ordinary conditions the oper-
ational radius does not exceed, on the average, 407 of the total en-
durance of single ships steaming at operational speed.

The ship's inertia is the ability of a ship to maintain motion
existing during the initial operational mode of the engines and follow-
ing the change of that mode. The parameters of inertia such as the
distance traveled by inertia and the duration of motion are determined
experimentally for various speeds.

The officer of the watch must know exactly the following inertia
parameters for his ship:

- the distance and time interval from the moment the engines are
stopped until the ship comes to a complete halt; and

- the distance and time required to completely stop the ship after
the engines are reversed from the full, medium or low speed ahead to
the full speed astern.

Section 2.6. Effect of the Operation of the Screws
on the Controllability of Ships

The screws have no lesser effect on controllability of a ship than
does the rudder. Depending on the direction of their rotation with
the ship moving ahead, one speaks of a right-handed screw rotating
clockwise and a left-handed screw rotating counterclockwise, when look-
ing from aft in the direction of motion.

When handling a single-screw ship the following is observed:

- at the moment the ship gets underway the stern of a single-screw
ship turns in the direction of rotation of the screw. In order to
keep the proper heading after giving the ship her forward speed, it is
necessary to put the rudder over to starboard for a short interval of
time when using the righthanded screw or to port when using the left-
handed screw;

- due to the force of discharge a single-screw ship with a steady

speed ahead responds well to the rudder. As a rule, to keep a ship on
a straight heading the rudder must be deflected slightly in the direction
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opposite to the rotation of the screw;

- a single-screw ship turns more readily, and with a smaller turn-
ing-circle diameter, in the direction of rotation of the screw;

- a single-screw ship responds to the rudder better when making
headway than when making sternway. With a single-~screw ship making
sternway it is almost impossible to keep her on a straight heading
even with the hard rudder;

- with a sternway the ability of a ship to turn to port or starboard
varies. With a right-handed screw the ship's stern turns more readily
to port than to starboard and with a left-handed screw, the opposite is
true;

- in order to turn a ship in restricted waters the rudder must be
deflected in the direction of the turn while periodically giving the
engine full speed for short periods of time so as not to impart forward
motion to the ship. 1In individual cases, especially with strong winds
and currents, an anchor must be used in order to make the turn;

- a ship at anchor must be approached as follows: if the side of
the ship being approached and the direction of rotation of own screw
are the same, then one approaches at an angle of 20-30°; if the side of
the ship being approached and the direction of rotation of own screw
are different, then one approaches with a heading parallel to the side
of the ship at anchor.

When handling a twin-screw ship the following is observed:

- twin-screw ships with a single rudder do not respond to the
rudder as well as single-screw ships do since the force of discharge
of their screws is considerably smaller; the turning-circle diameter
for twin-screw ships is the same for both directions of turning;

- the speed of turning of a twin-screw ship with no way on, pro-
duced by using only her engines, is much lower than that obtained for
a ship moving ahead, i.e., when the rudder facilitates the accomplish-
ment of the turn;

- when using one engine and moving ahead the ship can be kept on
course relatively easily by putting the rudder over to the side of the
operating engine;

- when navigating in narrow channels where it may be necessary to
quickly cancel the headway inertia while keeping the ship on course,

both engines must be reversed simultaneously;

- with her engines stopped, the ship responds well to the rudder
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when moving under a considerable inertia astern;

- with the steering gear out of order, a twin-screw ship can,
even when her rudder is locked at a small angle of up to 5°, maintain
her proper sternway and perform maneuvering by controlling the rota-
tional speed of her screws.

When turning a twin-screw ship by means of the engines, one oper-
ating ahead and the other astern, it is necessary:

- to give the engine operating ahead a speed one degree less than
that of the engine operating astern when twisting the ship in her own
water with no way on;

- to give both engines equal speed or to give the engine operating
astern a speed one degree lower than that of the other engine when
turning a ship moving ahead;

- to give the engine operating astern a speed of two, three, or
four degrees higher than that of the engine operating ahead when turn-
ing a ship moving astern;

- to use the rudder along with the engines to increase the turning
speed in all instances when a ship is turning while moving ahead or
astern;

- to avoid using the rudder when twisting the ship in her own
water with no way on. Since the ship is not moving ahead and there
is no head sea, using the rudder in such a case would not facilitate
the turn and in fact may prove to be a wrong thing to do.

When handling a triple-screw ship the following is observed:

- triple-screw ships exhibit better controllability than twin-screw
and single-screw ships since they combine the favorable characteristics
of both;

- triple-screw ships, just as twin-screw ships, are easily con-
trolled with the aid of the engines when the steering gear goes out
of order; in this case, one should move with the center screw rotating
with a constant speed, while keeping the ship's heading and making
turns by controlling the speed of rotation of the side screws;

- the diameter of the turning circle of triple-screw ships are
minimal when using only the center engine; it is somewhat larger when
operating with three engines, and it becomes maximal when only two

side engines are used;

- when mooring aft one should go astern with the center engine and
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operate the side engines so that the ship's center plane remains per-
pendicular to the mooring line.

When handling a ship with a variable-pitch propeller the following /59
is observed:

-~ the use of a variable-pitch propeller greatly improves the man-
euverability of a ship because of the more gradual variation in the
propeller thrust and, consequently, the ship's speed, and because of
the reduction in the ship reversing and stopping time, i.e., the time
required to develop a given speed;

- the speed of the ship can be changed by changing the speed or
the pitch of the propeller without changing the direction of the pro-
peller shaft rotation; the ship's direction (ahead, stop, astern) can
be changed only by changing the propeller pitch. The position of the
blades in the variable-pitch propeller is monitored by means of the
remote pitch indicators;

~ when maneuvering a ship to approach or leave a pier (or another
ship) it is recommended to keep the screw speed constant within the
limits prescribed by the appropriate instructions for each class of
ships;

~ in all instances, except for special cases, the load on the main
engines must be changed gradually in the following manner: to increase
the ship's speed one should first increase the propeller pitch and
then its speed; to decrease the ship's speed one should first decrease
the speed of the variable-pitch propeller and then its pitch.

Note: special cases include maneuvers executed to perform the
following:

to avoid collision with another vessel;

to evade enemy attack;

to leave an area contaminated with radioactive substances;

- to rescue a man overboard (in peacetime and outside the combat
area) .

In executing turns one should be guided by the following regulations:

- the Commanding Officer of the ship designates the course and
speed of the ship through the watch officer;

- before beginning a turn, that is, before giving the command for
the rudder, one should make sure that no other ships, boats or navi-
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gational hazards are present in the area to which the turn is being
made;

- only standard commands to the helmsman must be used; the helms-
man must repeat them in a loud voice, preceding the repetition with
"Aye, aye, Sir;"

- when executing turns in narrow channels and harbors, in addi-
tion to watching the ship's bow, it is necessary to watch the move-
ment of the stern as well since the stern swings much faster and
can cross beyond the limits of the marked off area.

- put the rudder hard over only if necessary (for example, to
make a turn in the narrow channel to avoid collision with another
ship or running aground, when performing combat maneuvers, etc.);

- when the ship is moving with considerable speed and experienc-
ing severe rolling, it is recommended (especially for small ships)
to reduce the speed and not to deflect the rudder through large
angles when turning; otherwise, the amplitude of the roll may coin-
cide with the heeling moment produced by turning and endanger the
ship by producing a situation in which the total angle of heel can
exceed its critical value. When giving commands to the helm the
watch officer must always be aware of the probable heel magnitude;

- always be prepared for a swift change to standby steering sys-
tems; all rudder control instruments and systems for communicating

with them must be in a state of constant readiness.

In addition to the above, the following regulations must be
observed when in the company of other ships:

- the turning ship must display a flag or light signal, from the
moment the command is given to the helm until the end of the turn;

- when changing course in a column, turning must be made along
the inner edge of the wake of the ship ahead;

- the rudder must always be set at an angle corresponding to the
diameter of the turning circle specified for the formation.
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CHAPTER 3

SHIP DAMAGE CONTROL

Section 3.1. Ensuring Ship Survivability /61

Survivability is the ability of a ship to remain afloat when one
or several of her compartments are flooded, while maintaining and
restoring (to the extent possible) her combat effectiveness and sea-
worthiness.

The survivability of a ship is insured by the following:

- design measures taken during the construction or modernization
of the ship;

- organizational and technical measures taken throughout the entire
life of the ship; and

- damage control measures taken whenever the ship sustains damage.

Ensuring the ship's survivability involves a set of actions to be
taken by the crew of a damaged ship and directed toward:

-~ keeping the ship afloat;

- reducing the heel and trim to a degree which would enable the
ship to get underway, restore her controllability and the ability to
use weapons; and

- restoring the reserve buoyancy and stability to the extent which
would prevent the ship from sinking or capsizing.

The action taken by the crew of a damaged ship must include three
basic groups of measures: ’

1) Measures aimed at stopping the flow of water throughout the
ship, restore and maintain the watertight integrity and strength of
bulkheads and decks, and seal holes above the water.

Whenever water enters a damaged compartment the water removal
equipment should be actuated at once. The crew then proceeds to seal
off the compartment and repairs holes. Doors, hatches, and openings
are battened down; damaged ship systems which run through the flooded
area and which could serve as the path for spreading water throughout /62
the ship are disconnected. If necessary, the watertight bulkheads of
adjacent spaces are reinforced.
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2) Measures to determine the condition of the damaged ship in order
to evaluate the danger she faces, to explore the feasibility of im-
proving her condition and to develop damage control steps to be taken
to ensure the survival of the ship.

In order to determine the condition of a damaged ship it is
necessary:

-~ to determine the location of the damage and the nature of the
flooding of compartments;

- to estimate the remaining reserve buoyancy of the ship;

- to estimate the change in stability as a result of the damage;
in particular, to determine the probability of the ship's acquiring
negative initial stability; and

~ to determine the ship's status (heel, trim, and mean draft).

3) Measures to restore stability and to right the ship.

1. Determining the Trim and Stability of a Damaged Ship

In terms of the nature of flooding (Fig. 3.1.), ship compartments
are classified as follows:

- Category I compartments are compartments (both communicating and
not communicating with seawater) which are completely flooded and
closed at the top. A characteristic feature of these compartments is
the constant quantity of water (by weight and volume) that has entered
them;

- Category II compartments are compartments which are not complete-
ly flooded and are not communicating with seawater. These compartments
are characterized by a fixed quantity of water within, which, when the
ship inclines, flows over to the inclined side and increases the heel,
i.e., decreases ship's stability;

- Category III compartments are compartments which are not com-
pletely flooded but are communicating with seawater. A characteristic
feature of these compartments is the dependence of the level of water
within them on the trim of the ship. With a change in the ship's trim
the quantity of water within them and the position of the center of
gravity of the water change.
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Fig. 3.1. Classification of ship compart-
ments according to the nature of flooding:

1 - Category I compartment;
2 - Category II compartment;:
3 - Category III compartment.

Flooding of Category I compartments increases the initial stability
since the center of gravity of these compartments, in the majority of
cases, lies below the actual waterline. The presence of a large number
of Category II and III compartments significantly reduces ship's sta-
bility. The flooding of compartments of either category increases the
mean draft of the ship and decreases her reserve buoyancy. The asym-
metric flooding of compartments can cause dangerous heeling and trim.

Determination of ship's trim and stability when a single compartment

is flooded. The formulas given below are for Category III compartments.
They can also be used for compartments of the other two categories.

Change in mean draft, in meters:

6T = —0— (3.1

=V L2 v (3.2)
Change in longitudinal metacentric height, in meters:
v 3T Gy
af1_7<r+7_z_ U). (3.3)
Angle of heel, in degrees:
0= 2 —r) (3.4)
Vi, :
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Angle of trim, in degrees:

ezl (3.5)
Draft at the bow, in meters:
‘ T,,,=T,,+6T+(—2£--—x;¢)q;, (3.6)
Draft at the stern, in meters:
'Tm=TK+6T-—(-é-+x'F)q;, (3.7)
where v is the volume of water in the damaged compartment up to

the original waterline, m3;

S is the actual waterplane area, m2;

s is the area of the water surface (lost area) in the com-
partment at the waterline level, m2;

x, y and z are the coordinates of the center of gravity of the water
in the damaged compartment, m;

ipx and ipy are the lost moments of inertia about the longitudinal

and transverse axes, m*;

x! and y% are the coordinates of thé center of flotation (at the new

13 waterline), m.

Note: If in these formulas the lost area s = 0, then S' = S; Xp = x%;
t _n. . - i - 0N 4
Vg = 0; and ipy 1py 0; hence, we obtain formulas for the

Category I compartment. But if s = 0 and ipx and ipy are re-

placed by iy and iy (i.e., by the natural moments of inertia of

the free surface of water in the Category II compartment), then
we obtain the formulas for the Category II compartment.

If a group of compartments of different category are flooded, the
trim and stability of the ship can be determined by the following two
methods: the equivalent compartment method and the superposition
method (with certain restrictions).

The equivalent compartment method amounts to the determination of
the parameters and category of the compartment equivalent to the group
of those actually flooded and to finding the change in the ship's trim
and stability by means of formulas (3.1) through (3.7).

The superposition method reduces to the following:
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- the determination of the change in ship's trim and stability
caused by the flooding of each of the compartments in the group under
the assumption that the rest of the compartments are not flooded; and

- the addition of changes in trim and stability (caused by the
flooding of each compartment) for all the compartments.

This method can be used only to determine changes in metacentric
heights when Category I and II compartments are flooded and changes in
trim angle and draft for Category I compartments.

2. Basic Principles of Righting Damaged Ships

Righting a damaged ship involves eliminating or reducing her heel
and trim as well as restoring or maintaining the ship's stability
while keeping a check on her reserve buoyancy. It has the following
objectives:

- to prevent the loss of the ship as a result of the loss of her
stability due to heavy damage;

- to insure the most effective utilization of the ship's weapons
and equipment; and

- to restore, to the extent possible, the seaworthiness of the ship.
A ship can be righted as follows:

~ by pumping liquid cargoes overboard or by transferring them from
one space to another symmetrically located space;

- by counterflooding;

- through a combined method including counterflooding, the transfer
and removal of liquid cargoes. /66

From the standpoint of maintaining reserve buoyancy the pumping
of liquid cargoes overboard (Fig. 3.2) is the most effective method.

Righting a ship by transferring fuel or water (Fig. 3.3) is equiv-
alent to the removal of loads from one side or end and shifting them to
the other side or end. With this method of righting, the reserve buoy-
ancy and draft remain unchanged.

In righting a ship through counterflooding (Fig. 3.4) water is
taken inside the ship, a fact which decreases the reserve buoyancy and
increases the ship's draft. The primary advantage of this method is
that the righting of the ship proceeds rather quickly, a fact which is
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of considerable importance since timely control over an increasing
heel or trim, together with the partial righting of the ship, can pre-
vent her from capsizing.

The combined method of righting a ship (Fig. 3.5) is used in
order to quickly reduce heel or trim. By this method the required
number of spaces are flooded with water and at the same time, or
somewhat later (for further righting of the ship), liquid cargoes
are transferred to the opposite side (or end), or pumped overboard.

Fig. 3.2. Righting a ship by pumping liquid cargoes overboard

fz S

Fig. 3.3. Righting a ship by transferring liquid cargoes

Fig. 3.4. Righting a ship through counterflooding

Fig. 3.5. Righting a ship through the use of the combined method
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Basic steps in righting a ship:

- in all cases take necessary measures to determine, with maximum
accuracy, which compartments are flooded and how;

- right the ship while maintaining the integrity of the freeboard,
decks, platforms, and bulkheads so that no additional spaces are flooded

through holes in them during righting;

- perform only those operations which can be quickly discontinued,
if necessary;

- right the ship with the aid of the side compartments, i.e. coun-
terflood the compartments and transfer or pump liquid cargoes overboard
only when the damaged ship exhibits a positive initial stability;

- if the ship sustained heavy damage which resulted in the flooding
of a large number of compartments (i.e. in taking a large amount of
water), her condition, in terms of the negative initial stability, must
be considered as dangerous.

The external indications of the negative initial stability are:

-~ heeling with symmetrical flooding of compartments;

- sudden rolling of the ship from side to side;

- rolling of the ship from side to side when turning, followed by /68
heeling when the ship returns to the straight heading;

— tendency of the ship to roll over to the opposite side when righted.

To restore the stability of a ship with the negative initial stabil-
ity the first and foremost measures to be taken are:

-~ remove the water from decks and platforms by pumping it overboard
or by transferring it to low-lying spaces and flooding them completely;

- drain, to the extent possible, the compartments containing seepage
water;

~ ballast the ship, i.e., take on (or transfer) seawater or transfer
fuel into empty bottom compartments until they are completely filled;

- eliminate the overflowing of liquid cargoes from one compartment
to another;

The usual methods for righting a ship can be used only after the
ship's initial stability becomes positive.
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In cases where reliable information concerning flooding of the dam-
aged compartments is lacking, the ship can be righted in stages by
selecting compartments to be used in righting in the next stage on the
basis of the evaluation of stability of the ship in the preceding stage.

In righting a ship only the minimum possible amount of reserve buoy-
ancy must be expended and no stability must be lost. To achieve this,
one should select only those compartments to be used in righting which
are located as low as possible beneath the waterline and as far as pos-
sible away from the center plane and midsection so that the heel and
trim can be decreased simultaneouely.

The heel of the ship must be corrected first. The trim is corrected
only if absolutely necessary (for example, when the main deck of one of
the ends of the ship becomes submerged) since correcting the trim by
counterflooding requires considerable expenditure of reserve buoyancy
and results in a decrease in the transverse stability due to the incom-
plete flooding of large compartments.

To facilitate the determination of the trim and stability of a dam-
aged ship and the selection of compartments to be used in righting, one
should use the survivability tables which have been compiled for specific
displacements of undamaged ships.

3. Ensuring Survivability of a Submarine in the Submerged Condition /69

1f water floods the pressure hull of a submarine the following mea-
sures must be taken immediately:

- increase the speed of the submarine to the maximum possible;

- rig the diving planes for rising (with or without the trim by the
bow), or for diving (with the trim by the stern) and then develop the
maximum permissible trim by the stern without letting it go beyond the
critical value at which the power plant stops operating;

- blow the MBT's of the damaged end until the trim begins to
decrease;

- start up the pumps to drain the damaged compartment;

— if the submarine continues to submerge despite the measures taken,
blow the midship MBT's;

- bring the submarine to the surface and while surfacing blow the
midship MBT's at a depth of 30-50 m (if they have not been blown before)
and the MBT's in the undamaged end; set the diving planes so as to
bring the submarine trim to zero and reduce the speed.
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- take all measures to repair the damage in the pressure hull.

In order to overcome the loss of buoyancy, which is not accompanied
by an increase in trim, it will, as a rule, be sufficient to increase
the speed and, at the same time, blow the midship MBT's.

If rising is precluded by the situation on the surface and the sub-
marine has a way on, then it is necessary:

- on rising to a depth exceeding the minimum safe depth by 50-60 m,
to set the planes so as to trim the submarine and stop blowing the MBT's;

- on reaching the minimum safe depth, to keep the submarine at this
depth by maintaining the speed and trim and by using the planes; if
necessary, one may let some air ou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>